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Abstract 
Using ABAQUS simulated the impact on rise-entry roadway when 9 coal seam was mining. The paper has 
obtained the stress distribution, the displacement distribution and the tension- compression damage cloud diagram. It 
showed that the tunnel’s location was above the range of the baggy fell belt and in the bending sink belt, the ground 
subsidence was 26cm, which was good consistent with the measured data on-site, and the damage occurred after the 
underlying coal mined. And the numerical simulative results showed that the general trend of the displacement 
effected by coal mining, and the research offered some guidance basis for the actual practice. 
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1. Introduction 
At present, it was well known that the main factors of affecting stability and the basic method and 
control technology of the tunnel surrounding rock were mastered. However, the research about the below 
coal bed mining influencing on the deformation of long distance rise roadway was less [1-5]. Therefore, it 
was important to make a detailed study of the stress incidence and the deformation law of the long-
distance roadway when the below coal bed was mining. According to the activities rules of the roof rock 
stratum, whether the coal bed mining is fully or not, it will cause the stress redistribution of the 
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surrounding rock and the deformation damage to the top rock, then affecting the deformation and 
destruction of the roadway. And, the comprehensive action of the lithology, the geo-stress, the mining 
stress and the supporting structure resulted in the instability of the roadway [6-7]. 
Because of the on-scene measurement was under regional environmental influence and the cost was 
huge, we adopted the analysis software ABAQUS [8-10] to simulate the impact on mining of No.9 coal bed. 
At the same time, that was limited with the functional of the simulation software and the insufficient 
lithological parameters data obtained in scene, it could not simulate the rock fracture and fall real-time in 
the mining of no.9 coal bed. However, the numerical simulative results showed that the general trend of 
the movement conduced by coal bed mining, would provide some guidance for the practice engineering. 
2. Project Overview 
The Xiandewang Coalfield consisted of three mineable layers: No. 1, No.2 and No.9. The No.9 coal 
bed was arranged for 6 working faces. Presently, the 1193 workface was fully-mechanized caving mining. 
The main returning air above the rise-railway track in No.1 coal seam was crucial to ventilation of the 
whole mine. Most of the area was excavated along the roof of No.4 coal bed forms of the wild blue 
limestone, the space length was 90 meters from No.9 coal bed and the deformation of roadway was larger 
after several renovations. During the mining of the underlying coal bed, the rise-entry roadway was 
inevitably affected. The deformation would go through two stages [11-12]: ①The overall subsidence 
occurred during the underlying seam was mined , ②the wall rock itself deformed when the whole was 
subsiding . As a result, this paper was of much importance to consolidating the roadway, to drift in 
extraction safely, and to ensure normal availability of the rise-entry, providing a practical basis for the 







Fig.1. Finite element model 
3. Numerical Simulation 
3.1. Geometrical Model 
The length of 1193 working face is 1000m. If the boundary effect is taken into account, plus an extra 
500m space with both ends as a mechanical boundary, we take the length of 2000m. The width of 1193 
working face is 135m, the width of 1195 is 100m, the width of 1197 is 100m, plus an extra 50m to both 
ends, so the total width is 500m. The distance between the ninth seam and the returning air rise-entry is 
90m and the space from uphill to the ground is 168m.Taking the coal seam 13m below, the total height is 
290m. Therefore, the size of the design model is 2000m×500m×290m.The model is divided into 55,020 
elements and 60,270 nodes, which is a result that we simplify from the practical engineering. The 
tetrahedral grid cells are used in isoparametric element, and we select the damaged material model as the 
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finite element model (Figure 1). The material parameters are sorted out according to the data collated by 
the field test, and the data should be closely related to the one we need in our model. 
3.2. Boundary Conditions 
It was the model boundary taking the rock at the top of 272m to No. 9 coal seam where the workface 
located as the upper boundary and at the bottom 13m to the seam as the lower boundary, taking the place 
50m away from the pillar set at the left side which was 135m along the direction of the gob area in the 
working surface as the left boundary and 300m away along the direction of the trough in the working 
surface as the right boundary.Among them, the length of the model along the advancing direction of the 
working face was 1000 m, respectively, plus an extra 500 m spaces with the head and end as the left and 
right margin. The upper was free boundary and was not imposed constraints. The left and right boundary 
was imposed the X-direction displacement constraints, and the front and behind boundary was imposed 
the Y-direction displacement constraints. The bottom boundary was imposed fixed constraints. 
3.3. Empirical Formula 
The thickness of the 9 coal seam was 4.55m, the rock tensile strength was 2.2MPa, the compressive 
strength was between 20MPa and 40MPa, so it was the medium harden type. According to the document 
[13], after the gently inclined seam was driven, the calculation formulas about the height of caving zone 
and fractured zone was shown as follow: 
The height of caving zone calculation formula: 




The height of fractured zone calculation formula: 




In which, Hm is the caving zone height, m. HLi is the height of the water flowing fractured zone, m. M 
is the mining thickness, m. 
From the two formulas above, the maximum of the Hm and HLi could be obtained. The maximum Hm 
was 9.07m-13.47m, and HLi was 36.22m-47.42m. 
3.4. Simulation Steps 
The total length of carrying forward workface was 1000m, and the simulation was divided into 7 steps. 
The initial step was to calculate the stress and strain of the returning air when it only bore the gravity and 
the coal seal was not mined. The first step was to carry the workface forward 200m, after that it was 
300m away from the returning air rise-entry. The second step was to carry another 200m, then it was 
about 100m from the returning air. The third step was to move forward below the returning air. The 
fourth step was to carry forward 100m again, the distance from the returning air was also 100m .The fifth 
step was to carry forward 200m along the workface, then it was 300m away the returning air, finally to 
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4. Analysis of the Results 
Due to the more complex simulative process and the more steps, the paper only analyzed the 













Fig. 4 . Damage under compression                                         Fig.5. Damage under tension 
The half of model was intercepted for example. From the Von-mises stress contour (Fig 2), it showed 
that the areas the stress affected and the stress value was growing bigger along with the working face’s 
advancing. The stress at the top and bottom of the face was larger than the surroundings, the stress 
contour continued showing a funnel-shaped, and the maximum stress reached 10.6Mpa. From the vertical 
displacement cloud (Fig 3), it showed that the subsidence had occurred in the working surface, the 
maximum roof displacement was 1.26m, the maximum vertical displacement of the ground was up to 
25cm, and the subsidence appeared in the large area. From the tension and compression injury cloud (Fig 
4, Fig 5), it could be seen that with the working face advancing, the tension-compression damage had 
occurred at the returning rise-entry, and there was more damage than before. 
 
    
Fig 6 Mises stress 
 
Fig 7 Vertical displacement Fig 8 Damage under compression Fig 9 Damage under tension 
The middle model in the workface was intercepted for example. From the Von-mises stress cloud 
(Fig 6), it showed that the stress range was larger than the excavation of 800m in the section, but the 
maximum stress was still at the left-right inclined below the face, which was almost 10.6Mpa. And the 
vertical displacement cloud (Fig 7) showed that the collapse had arisen in the working surface, the 
maximum vertical displacement of the ground was up to 26cm. At the top of the face, the maximum 
vertical displacement was up to 1.26m and the height of caving zone was 14m .From the tension and 
compression damage cloud (Fig 8, Fig 9), it could be found that with the face forward, the damage had 
already occurred and the relatively large damage occurred in the soft rock. In the front and rear roof,  
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stress concentration had occurred, the damage extended another 4-5m from each end. The tension and 
compression injury affected the returning air, and in the working face roof, the tensile damage was main, 
the pressure complete injuries did not appear, but the tensile complete damage had already occurred. 
5. Conclusions 
（1）According to the empirical formulas of the baggy fell belt and the conduction of water in the 
course of the mining of the gently inclined thick coal bed, the height of the baggy fell belt in 9 coal 
caving mining was 13.47m. 
（2）Based on the numerical simulation of ABAQUS results of the horizontal stress analysis, the 
height of caving zone after the 9 seam sub-level caving mined was 14m which was consistent with the 
data calculated from the empirical formula. The maximum subsidence about the ground was 26cm which 
agreed with the field measured data well. 
（3）According to the numerical simulation of ABAQUS results of the vertical stress analysis, it did 
not cause stress concentration of the rock in the returning air when the coal was mined in the underlying 
working face, it remained the state of the original rock stress, and the vertical deformation performed for 
the whole roadway sinking. 
In conclusion, it showed that the location of the returning air was above the range of the baggy fell belt 
and in the bending sinking band. 
（4）The mining of 9 coal seam would impact the returning air and make the injury occur. 
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